Yeast has long been known as a good source of pteroylglutamic acid (folic acid) and substances related to it. There are apparently two foundation compounds in these substances, pteroylglutamic acid (PGA) itself and a reduced formyl derivative of PGA (citrovorum factor, folinic acid). Both of these compounds appear to exist mainly in bound forms from which they can be released by autolysis or by added enzyme preparations. Synthetic PGA has been available for a number of years but the formyl derivative has been obtained only recently. Two groups of workers have synthesized the compound and determined its structure as 5-formyl-5 ,6,7, 8-tetrahydropteroylglutamic acid, C20H23N707. The first group (Brockman et al., 1950 and Cosulich et al., 1952) naturally-occurring citrovorum factor that is required for the growth of the bacterium, Leuconostoc citrovorum . The second group (Flynn et al., 1951; Pohland et al., 1951) (Agarwal et al., 1947; Singh et al., 1948; Kirsanova and Trufanov, 1948; Sreenivasan et al., 1949; Doctor and Couch, 1953; Andrews and Schweigert, 1953) . Data on the amount of the formyl derivative (citrovorum factor) in yeast are much more limited. Doctor and Couch (1953) give figures for four yeasts as 7.6 to 25.6 ,ug per g dry matter expressed as leucovorin. These figures should be divided by two as only one of the diasteroisomers (IL) is active for P. cerevisiae (Cosulich et al., 1952) . Andrews and Schweigert (1953) (Chang and Peterson, 1949; Agarwala and Peterson, 1950 water, steaming for 30 minutes, cooling and filtering. The synthetic medium used for both the inoculum and fermentation was the same as that described by Olson and Johnson (1949) . In a 125 ml. Erlenmeyer flask 15 ml of inoculum were grown for 24 hours at 30 C, on a reciprocating shaker describing 84 strokes of 10 cm length per minute; 2.5 ml of this inoculum were used to start the fermentations, which were run with 25 ml of medium in a 500 ml Erlenmeyer flask for 24 hours at 30 C on a rotary shaker describing a circle of 2.25 inch diameter at 250 rpm. At the end of the fermentation, the fermented medium was centrifuged, the supernatant was removed and the cells were washed with 25 ml of distilled water. The wash water was combined with the first supernatant, and the mixture was used for the determination of unfermented sugar and PGA compounds. The cells were suspended in 25 ml of distilled water. A 10 ml portion was centrifuged and dried to constant weight at 109 C for the dry matter content of the cells. Another aliquot of the suspension was used for PGA and formyl derivative determinations.
Preparation of hog kidney and chick pancreas enzymes. Hog kidney enzyme was prepared as described by Bird et al. (1945) . Fresh hog kidney was homogenized with three parts of distilled water. The homogenate was centrifuged and the centrifugate filtered through SuperCel. The clarified extract was frozen and stored. The chick pancreas enzyme was purified by a procedure which has since been described by Doctor and Couch (1953) .
Reducing sugar and yield of cells. Sugar determinations were made according to the micro method of Shaffer and Somogyi (1933) , with reagent No. 50 containing 5 g KI per liter. The yield of dry yeast was expressed as per cent of sugar fermented.
Enzymatic release of PGA compounds. One to two ml of the washed yeast suspension containing 5 to 15 mg dry weight of cells was heated for 10 minutes in a boiling water bath and cooled to room temperature. This was digested with enzymes as described by Sreenivasan et al. (1949) . The sample was first incubated with 1 ml of chick pancreas enzyme (pH 7.0) at 37 C for 12 hours. The incubated material was then heated in a boiling water bath for two minutes and cooled. It was adjusted to pH 4.5 by adding 5 ml of McIlvaine's disodium phosphate-citric acid buffer, and re-incubated with 2 ml of hog kidney enzyme for 18 hours, after which it was heated in a boiling water bath for two minutes and cooled. The pH of the mixture was readjusted to 7.0, made to a convenient volume and filtered. Aliquots of the filtered material were used for microbiological assay. A reference sample of pulverized active dry yeast assaying 10.2 i 0.245 (standard deviation of the mean) yg per g of apparent PGA was always included with each enzyme digestion-microbiological assay as a check on the method.
Microbiological determination of PGA compounds. PGA activity was determined with Streptococcus faecalis R, ATCC 8043, as the test organism according to the turbidimetric method of Luckey et al. (1945) . The basal medium was modified by addition of Salts B (Teply and Elvehjem, 1945) . Synthetic pteroylglutamic acid was used as a standard. At the time this work was in progress, Bardos et al. (1949) reported that Streptococcus faecalis R also responded to formyl tetrahydropteroylglutamic acid. The term "apparent PGA" will be used to denote biological activity for S. faecalis expressed in terms of synthetic pteroylglutamic acid. A differential microbiological assay method for the determination of PGA and the formyl derivative by combining the S. faecalis R and Pediococcus cerevisiae (Felton and Niven, 1953 ) assays has been described by Swendseid et al. (1951) . The validity of such a differential assay rests on the assumption that the response of the two microorganisms is due only to PGA and the formyl compound in the natural materials. Yeast and liver samples contain several compounds stimulatory to the test organisms (Wieland et al., 1952; Doctor and Couch, 1953) .
The amount of formyl derivative (citrovorum factor) was determined by using the single strength basal Medium VI of Steele et al. (1949) with acid hydrolyzed casein substituted for a part of the amino acids. Pediococcus cerevisiae 8081 was used, as the test organism and the crystalline barium salt of leucovorin (5 -formyl -5,6,7,8 -tetrahydropteroylglutamic acid, C20H21N707Ba. 5H20) was employed as the standard.
All the data are expressed in terms of free acid (C20H23 N707). The cultures were incubated for 16 hours at 37 C. Growth was determined by measurement of turbidity.
RESULTS
Distribution of apparent PGA between cells and medium. In table 1 are indicated the values of the ap- the yield more than two and one-half times and 4 per cent raised it more than three-fold. Ammonium, potassium, and magnesium salts did not improve the yield above that obtained with corn steep alone. The only supplement that increased the PGA factors significantly was the combination of ammonium salts, and here the effect was most marked on the apparent PGA content. The high yield of cells obtained with 4 per cent corn steep resulted in a considerable lowering in the content of PGA factors. The cell can synthesize the protein and other constituents of the cell faster than it can make the PGA factors. Perhaps a more correct comparison would be obtained if the figures for the formyl derivative are recalculated on the basis of the potency of the leucovorin used as standard. This compound contained more than one isomer and an assay with S. faecalis 1 ,ug of leucovorin proved to be equivalent to 0.57 MAg of PGA.
By means of this factor, the relative amounts of the PGA factors in the samples can be calculated. The method of calculation will be given for the first sample in 
SUMMARY
Eighteen types of yeast representing different genera and species have been grown on molasses media, and the apparent pteroylglutamic acid (PGA) content of the cells after liberation with enzymes has been determined. More than 90 per cent of the total PGA was found in the cells and only a small per cent was present in the cell-free medium. From 70 to 90 per cent of that contained in the cells was present in a bound form. This was released by treatment with enzymes from chick pancreas and hog kidney.
Yeasts giving high yields of cells (45 per cent or more based on sugar) ranged from 4.8 ,ug apparent PGA per gram of dry weight for Rhodotorula gracilis to 53 jig PGA per g for Saccharomyces cerevisiae O.P. As a group, the saccharomyces yeasts were much superior to torulopsis or candida types in ability to synthesize the PGA factors.
Following the advent of differential microbiological methods for the PGA and formyl factors, the content of these components was determined in yeasts grown on different media with and without various additions. PGA added to a synthetic medium increased the content of both components but the effect was more marked with a saccharomyces than with a torulopsis yeast. In a beet molasses medium ammonium salts increased both the PGA and formyl derivative contents.
Eleven samples of commercial yeasts were analyzed for apparent PGA and formyl derivative. 
